The development of Barrett's esophagus above the anastomosis following esophagogastrectomy has been reported in several studies. In this prospective study we set out to examine the prevalence of this phenomenon in a group of patients who have been strictly adherent to post operative proton pump inhibitor (PPI) therapy. Forty-six postoesophagectomy patients were prospectively assessed by upper gastrointestinal endoscopy. Four quadrant biopsies were taken 1 cm proximal to the esophago-gastric anastomosis in all patients and details of endoscopic appearance, biopsy pathology, operative pathology and PPI dose were recorded. All 46 patients had been commenced on a PPI in the immediate postoperative period. Two patients were not taking a PPI regularly. The average time from operation to endoscopy was 3 years (range 0.5 to 9). Mild (Grade 1) erosive oesophagitis was observed in 5 patients. Barrett's epithelium was not identified in any patient. One patient who was taking a PPI intermittently had macroscopic columnar epithelium for 2 cm above the anastomosis without intestinal metaplasia. One other patient who had no macroscopic abnormality had columnar epithelium without intestinal metaplasia, seen in one of four biopsy specimens. This is the first study to assess for endoscopic evidence of neo-Barrett's following oesophagogastrectomy, where PPI therapy has been commenced in the immediate postoperative period. Columnar epithelium was present in 2 patients and intestinal metaplasia was not detected in any of the cohort. These outcomes may be due to early commencement of PPI therapy and a high level of compliance.
Introduction
Barrett's esophagus has a strong association with reflux as a causative factor. Repeated acute injury and chronic inflammation have been implicated in the development of Barrett's and its progression to malignancy. 1 The patient with established Barrett's has an increased risk of cancer development. A metaanalysis by Shaheen et al. 2 of 25 articles published between 1984 and 1998 concluded that the incidence of adenocarcinoma in patients with Barrett's esophagus was approximately 0.5% per patient-year with a range from 0.2% to 2.9%. Barrett's mucosa development is intriguing because it seems to occur rapidly. It is unusual for the length of Barrett's to change much once discovered at endoscopy. Population studies documenting repeated endoscopies over time in a defined patient cohort have shown that Barrett's development is likely to occur suddenly and then remain quite static in its extent. Cameron and Lomboy noted that the prevalence of Barrett's increases with age, but the mean length does not, suggesting that the onset of this condition must be rapid. 3 The results of successful treatment of gastroesophageal reflux (GER) on this esophageal gastric metaplasia are conflicting and it is not known whether such treatment will diminish the risk of carcinoma. 4 Ideally, effective treatment of GER should be administered before the development of Barrett's mucosa.
The patient after esophagogastrectomy has had complete removal of the lower esophageal sphincter complex and this allows free reflux to wash onto the naive squamous remnant esophagus. 5 After gastric tube reconstruction, the gastric tube is intrathoracic, directly attached to the remnant oesophagus. This provides a human model of gastro-duodenal reflux. The reflux has been shown to be particularly significant while in the supine position. 4 The resultant reflux episodes can be asymptomatic. The tube continues to make acid and has been shown to recover its acid production capacity to almost normal over time even though mainly denervated of vagal input. 6 The development of Barrett's change in the residual esophagus following esophagogastrectomy is well described. 5, 7, 8 Unfortunately most studies have been retrospective and the reported incidence of this finding is variable from 9% to 57% (Table 1) . 4, 5, 7, [9] [10] [11] [12] [13] A prospective study was therefore undertaken to examine the incidence of neo-Barrett's esophagus and also to consider factors that might offer an explanation for its pathogenesis.
Materials and Methods
From 1993 to 2009, 139 consecutive oesophageal resections were performed by a single surgeon (RC), an experience that has been described elsewhere. 14 All operations performed by that surgeon are entered into a prospectively compiled database and all patients are followed by the same surgeon. It is the surgeon's routine to perform endoscopy for symptoms as required, but also for surveillance in every patient at 1, 2, 3 and 5 years post resection.
A prospective study was carried out on this patient population. We obtained ethical approval from the Eastern Health Research and Ethics Committee. Forty-six consecutive patients presenting for gastroscopy either for reflux symptoms or surveillance following esophagectomy were enrolled into the study after obtaining consent. These patients all had endoscopic assessment of the area of the anastomosis by macroscopic appearance and also 4 quadrant biopsies.
Surgical procedure
The relevant features of the esophageal resection surgery are as follows. A standard Ivor-Lewis esophagectomy is performed. The stomach is mobilized preserving the right gastro-omental and the right gastric arteries. The duodenum is Kocherized and a HeinekeMikulicz pyloroplasty performed. A gastric tube approximately 5 cm wide is created from a point immediately above the incisura to the greater curve at the fundus using a linear cutting stapler. Via a right postero-lateral thoracotomy the thoracic esophagus is mobilized proximally to a point that provides adequate cancer clearance and ensures that any Barrett's epithelium that may be present is included. The anastomosis is therefore performed at a level between the thoracic inlet and the arch of the azygos vein. It is a combined mechanical and handsewn technique with a stapled sideto-side anastomosis over 3 cm between the back wall of the esophagus and the gastric tube and then a 2 layered end-to-side esophagogastric anastomosis using interrupted 4/0 polypropylene as previously described. 14 In four patients a left rather than a right thoracotomy was performed with a similar anastomosis. Two patients had cervical anastomoses performed and both were handsewn with interrupted 4/0 polypropylene.
Use of medications
PPI therapy followed a standard protocol. All patients commenced daily intravenous PPI therapy on the day of surgery. This was single dose 40 mg Esomeprazole or equivalent PPI. When patients were able to manage oral intake postoperatively they were placed on oral formulations and advised to continue this indefinitely. PPI dose was adjusted as required to control reflux symptoms and patient compliance was discussed and reinforced at each postoperative consultation.
Endoscopy
Upper gastrointestinal endoscopy was performed by the treating surgeon. Any macroscopic evidence of reflux esophagitis or columnar epithelialization was noted and multiple biopsies taken from these areas. The presence of metaplastic columnar mucosa in the esophagus was suspected when circumferential areas or tongues of pink-appearing glandular mucosa extended from the esophagogastrostomy into the pale squamous epithelium of the cervical esophagus as previously reported. 10 4 quadrant biopsies (standard biopsy forceps) were taken 1 cm above the anastomosis in all patients regardless of the macroscopic appearance. The exact position of the anastomosis was evident by the persisting 4/0 polypropylene sutures ( Figure 1) . One of the cervical and two of the intrathoracic anastomoses required dilatations. None of these had columnar lined esophagus (CLO) above the anastomosis.
Histopathologic assessment
Specimens were submitted for histopathological assessment by experienced pathologists. All specimens underwent routine fixation and staining with haematoxylin and eosin. Columnar metaplasia was defined as the presence of esophageal columnar epithelium with or without specialized intestinal metaplasia. Barrett's epithelium was defined as the finding of specialized intestinal metaplasia with goblet cells. The histopathology of the original resection specimen was also reviewed to ensure that the resection margin was clear, in normal squamous esophageal mucosa, and therefore there was no residual Barrett's.
Results

Clinical and demographic features
46 patients (34 male; 12 female) with a mean age of 65 years were included in the study. The median time after esophagectomy was 3 years (range 0.5-9). Indications for the primary operation are shown in Table 2 . All resected specimens had a squamous epithelial proximal margin indicating complete excision of any associated Barrett's.
Use of medications
At the time of the study 44 of the 46 patients (96%) were taking a PPI regularly and one other intermittently. Twenty-three took a standard dose of a PPI once a day, three patients took an additional dose as needed according to symptoms and 18 patients took double dose PPI. The patient undergoing the McKeown esophagectomy was treated with PPI immediately postoperatively however discontinued the drug after discharge from hospital.
Endoscopy results
Five patients had mild (Grade 1) erosive esophagitis. One patient who was taking a PPI intermittently had macroscopic columnar epithelium for 2 cm above the anastomosis without intestinal metaplasia. One other patient who had no macroscopic abnormality had columnar epithelium without intestinal metaplasia, seen in one of four biopsy specimens. Barrett's esophagus was not identified in any patient.
Discussion
After Ivor-Lewis esophagectomy, normal proximal esophagus is juxtaposed to gastric mucosa without an intervening sphincter mechanism thereby allowing acid and duodenal fluid to reflux onto naive squamous mucosa of the remaining esophagus. 15 As a result, symptomatic reflux is common and we routinely prescribe patients a PPI postesophagectomy.
PPI therapy was introduced progressively into clinical practice in Australia from 1989 and is subsidized by the national Pharmaceutical Benefits Scheme. 16 The CLO, columnar lined esophagus; PPI, proton pump inhibitor; NR, not reported. * Biopsy was obtained from autopsy (6), endoscopic biopsy (10) or at operation (1). °T wice-daily proton pump inhibitors were routinely prescribed for these patients although patient compliance is difficult to assess because of high drug costs and limited symptomatic improvement. While the small number of patients limits our analysis, these factors were found to occur in a proportional number of patients with Barrett's disease and no clear trends could be identified. # Eight of these patients were being treated with a single daily dose of proton pump inhibitors and 12 were receiving proton pump inhibitors twice daily. Two patients were being treated with H2 receptor antagonists. §PPI use started median 87 days after surgery in patients without BE, (range 0-1020 days), versus 167 days with BE, (range 0-541 days); P>0.05. ^O ne patient had developed adenocarcinoma. $ Biopsy taken 2 cm's above anastomosis. 17 Although we did not observe any patient developing neo-Barrett's, this is not the experience of others (Table 1) . Two patients in our study developed columnar lined lower esophagus. A recent review, based on several series, estimated that columnar lined esophagus was expected to occur in ≥50% of patients after esophagectomy with gastric pull-up. 18 In a retrospective review of post-esophagectomy patients, Wolfsen et al. 9 found Barrett's to be present in 8 out of 36 patients, all of whom were routinely prescribed twice-daily proton pump inhibitors. However, compliance was a major problem which they attributed to high drug costs and limited symptomatic improvement. 9 Wolfsen's study population received esophagectomy for a variety of Barrett's related disorders. It had been thought that this group might be at particular risk of developing neo-Barrett's in the residual esophagus. 10 However, other studies have shown that the development of Barrett's post esophagectomy is not limited to a previous diagnosis of adenocarcinoma or Barrett's epithelium. 7 Our patient population received esophagectomy for a range of pathologies (Table 1) .
Article
Franchimont et al. 11 also reported on PPI use and post-esophagectomy Barrett's development. They remarked that Prophylactic PPI treatment directly after surgery might prevent postoperative development of Barrett's esophagus. Evidence of neo-Barrett's was found in 9 out of 66 patients post-esophagectomy in their retrospective case note review. A further 6 patients had cardiac mucosal lining in the supra-anastomotic esophagus. Thus a total of 15 patients (23%) had columnar lined esophagus. PPI use in this study was reported as 74%. However, the median interval between surgery and commencing a PPI was 167 days in the patients who developed Barrett's.
In a similar study to ours from Ireland, 7 48 post esophagectomy patients underwent endoscopy and biopsy. Twenty-four had developed columnar mucosa in the residual oesophagus and in 14 of these intestinal metaplasia was demonstrated. Twenty-eight patients had been taking a PPI, however it was not recorded when this had been commenced.
A recent study from the Cleveland Clinic has provided further evidence for the use of PPIs following esophagectomy. 19 Anti-reflux medication, induction therapy and higher anastomosis were found to be predictive of less changes consistent with reflux in biopsies which were obtained a median of 3.5 years after esophagectomy. It is interesting to note that the prevalence of reflux changes remained constant at 92% throughout the 10-year study period -implying that these changes occur early. Fifty-nine percent of patients were receiving anti-reflux therapy (primarily PPIs), prescribed as needed for reflux symptoms. The interval between esophagectomy and commencing anti-reflux medication was not recorded.
The relationship between time of esophageal injury and commencement of acid suppression is probably important. In 1970 Bremner published the results of an experiment in which he removed the mucosa from the distal esophagus in 35 dogs. 20 The group was divided into three according to the presence or absence of gastro-esophageal reflux and gastric hyper-secretion. They found that re-epithelialization by squamous epithelium predominated in preparations with a competent lower esophageal sphincter. On the other hand, total or nearly total replacement by columnar cells characterized those preparations with gastro-esophageal reflux and gastric hyper-secretion. Re-epithelialization of the denuded lower esophagus with a columnar lining occurred fairly quickly, not requiring long term or pulsatile acid exposure. This study was conducted in the pre PPI era. A modern human equivalent of this study would be the recent trend towards endoscopic ablation of Barrett's under the cover of PPI therapy resulting in healing with squamous epithelium. 21 Other authors have found that neo-Barrett's can occur soon after esophagectomy. This phenomenon has been described at 3 months postoperatively even when all of the original Barrett's change had been carefully excised or when the original operation was not for Barrett's related disease. 10 Franchimont noted its development after 43 days. 11 Providing further support for the speed with which Barrett's can develop, Cameron and Lomboy showed that the prevalence of Barrett's esophagus increased with age, consistent with an acquired disorder, but that the mean length of columnar epithelium did not increase with age. They did this by studying a statewide database of all endoscopies performed in California in the 1970's and 1980's. The authors concluded that the onset of the condition must be rapid. 3 It has been suggested that PPI therapy is unnecessary because these patients have had a vagotomy. However, Gutschow in 2001 showed that the intraluminal pH in the gastric tube returns to normal with time after oesophagectomy. 6 The role of the pyloroplasty in aggravating esophageal reflux by promoting duodenogastric reflux or reducing esophageal reflux by improving gastric drainage is debated. Oberg et al. 10 and O'Riordan et al. 7 have both found no significant difference in the prevalence of abnormal esophageal bilirubin exposure in patients with and without pyloroplasty. In any event, the carcinogenic effects of bile refluxate are dependent upon acidification with a lower pH required for bile salts to cross mucosal cell membranes to cause intracellular injury. 22 No antireflux type anastomosis was performed in our series, but this is an alternative strategy to both control reflux symptoms and to attempt to prevent columnar epithelializa- tion. 23 However, it would be important that after such a procedure early endoscopy was performed to ensure that reflux esophagitis was not occurring. Twelve percent of these patients may be troubled symptomatically by severe reflux. 23 This rate of symptomatic reflux has been confirmed in a recent prospective trial. 24 Lindahl et al. 4 studied a pediatric population and reported their results in 1990 before the widespread introduction of PPI therapy. They studied children who were at least 2 years post-esophagectomy and found columnar lined esophagus in 8 of 14 patients. It was their conclusion at that time that all postesophagectomy patients be treated with histamine 2 receptor antagonists.
The main limitation of this study is that we have not randomized our patient sample to PPI use or none. This would be difficult because of the substantial symptomatic improvement with the use of a PPI that most patients with reflux benefit from. A comparison arm of antireflux anastomosis would be possible; however the recent randomised study performed did not report on endoscopic rate of Barrett's or CLO and some patients still required a PPI. 23 Ambulatory 24-hour pH monitoring was not performed. We did not consider these investigations would add relevance to our study endpoints which were endoscopic appearance and histopathology of biopsy samples above the anatomosisis. Also the use of aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) were not recorded. These medications may have a minor role in chemoprevention of Barrett's development or its malignant progression, but their effect is probably small compared to the possible effect of PPI 24 (and in some studies a negative effect has been shown 25 It is interesting to note recent data which suggests a lower rate of Barrett's among patients of African, Asian and Hispanic decent. 26, 27 Our study population was predominantly Caucasian (88%), with lower numbers of patients of Asian (9%), Hispanic (1.5%) and African (1%) backgrounds. This would suggest that race was not a significant contributor to our results.
Compliance testing was not performed to assess the true rate of PPI use. The use of pill counting, interrogation of the national PBS pharmacy register or specific structured questionnaire were not employed. The unique aspect of this population is that a single surgeon follows all patients. Detailed discussion of reflux symptoms are explored with every follow-up consultation as it is recognized by the investigators that substantial improvement in quality of life after esophagectomy can be achieved by control of reflux symptoms.
Conclusions
In this prospective study neo-Barrett's esophagus following esophagogastrectomy was not observed. This may be due to the fact that that gastric acid suppression with PPIs was commenced in the immediate postoperative period and long term compliance with medication was high. A high incidence of neoBarrett's has been reported in other studies in which PPI use was sporadic. Our recommendation is that early PPI use should be considered for all patients who undergo an esophagogastrectomy, who do not have an antireflux anastomosis. In our opinion, this anti-reflux therapy should be continued indefinitely.
